Understory plant species take on different functional strategies, whereby some exploit periods 1 8 of available light in springtime before the canopy closes, and others also benefit from sunlight 1 9 later in autumn when the canopy opens again. These strategies involve understory species 2 0 coordinating phenological events to pre-empt canopy leaf out and to extend their growing 2 1 season beyond canopy leaf senescence, meanwhile accumulating photo-protective pigments 2 2 which mitigate periods of high-light exposure. Canopy closure brings shade to the understory, 2 3 but also causes drastic changes in light quality. Whilst many experiments manipulating spectral 2 4 quality have revealed understory plant responses to the changing R:FR ratio in shade, effect of 2 5 the blue and UV regions have been examined very little. We installed filters attenuating short 2 6 wavelength regions of the solar spectrum in a forest understory in southern Finland, creating the 2 7 following treatments: a transparent control filter, and filters attenuating UV radiation < 350 nm, 2 8 all UV radiation, and both UV and blue light. In eight understory species, representing different 2 9 plant functional types, we repeatedly assessed leaf optical properties to obtain epidermal 3 0 flavonol and anthocyanin contents from leaf emergence in spring to leaf senescence in autumn, 3 1 during both 2017 and 2018. Flavonols responded more to seasonal changes in light quality in 3 2 relatively light-demanding species than in shade-tolerant and wintergreen species; and were 3 3 particularly responsive to blue light. However, anthocyanins were largely unaffected by our 3 4 filter treatments, suggesting that other cues such as cold temperatures govern their seasonal 3 5 variation. UV radiation only accelerated leaf senescence in Acer platanoides seedlings, but blue 3 6 light accelerated leaf senescence in all species measured apart from Quercus robur. In 3 7 summary, seasonal changes in understory solar radiation in the blue and UV regions affected 3 8 leaf pigments and leaf phenology; particularly for more light-demanding species. An increase in 3 9 canopy duration under climate change will extend the period of shade in the understory, with 4 0 consequences for the spectral cues available to understory plants. The resultant reduction in 4 1 blue and UV radiation in shade, could delay leaf senescence in the understory even further. 4 2
is still unknown what light signal, if any, is responsible for the reduction of autumnal anthocyanins and 1 0 4 delayed leaf senescence under shaded conditions. Interestingly, supplementary UV radiation from 1 0 5 lamps has been shown to accelerate leaf senescence in Fagus sylvatica, possibly through increased 1 0 6 photodamage throughout the growing season (Zeuthen et al. 1997) . As such, the reduction of UV 1 0 7 radiation under canopy shade could affect leaf senescence in understorey plant species. Furthermore, 1 0 8 climate change is expected to increase canopy duration, with earlier canopy leaf out and later leaf 1 0 9 senescence (Piao et al. 2019 , Vitasse et al. 2011 , Buitenwerf et al. 2015 . However, it is not clear how 1 1 0 the changes in light quality under a prolonged period of canopy shading, will affect leaf pigments and 1 1 1 the leaf phenology of understory plants. Here, we examine how depleted solar blue light and UV radiation affect the seasonal dynamics of 1 1 4 leaf pigments and phenology, by following different understory plant species over a 2-year period. We 1 1 5 tested four hypotheses: 1 4 1 and solar radiation ( Fig. S3, Fig. S4 ) were recorded at the site and processed by the Finnish stands, and M. bifolium was only present in the evergreen stand. We also transplanted tree seedlings were not present in the evergreen stand and so were not transplanted there. The filters partially blocked precipitation from reaching the ground underneath them, so the production of new leaves in spring, the same cohort of leaves were followed until the last 1 9 6 measuring dates in October 2017 and 2018 respectively, at which point the proportion of leaves which 1 9 7 had senesced was too high for continued measurement. 2018. Canopy opening and canopy closure were recorded in the deciduous stands in both years, and 2 0 7 determined as the date when the canopy had reached 50% leaf out (canopy closure) and 50% leaf fall 2 0 8 (canopy opening). To determine whether understory spectral composition affected the maximum quantum yield of Germany) on the 24 th -25th June 2017 between 10:00-16:00. Stomatal conductance (g s ) was measured 2 1 3 in A. platanoides using an AP4 leaf porometer (Delta-T Devices, Cambridge, UK), between 10:00- value. If heteroscedasticity in the residuals was present due to heterogeneous variation, then the 2 3 1 weighting function 'weights = varPower' was used. If filter treatment was significant in the model, then 1-2 whereby 1 = shoot visible, 2= expanded leaf. occurred 7 days later in the evergreen stand compared to the deciduous stand (Table S5 and S6). accumulation ( Table 2, Table S16A -P, Fig. 4 ). Attenuating blue light significantly reduced adaxial 3 0 2 flavonols more than any other spectral region in the more light-demanding species, A. nemorosa, A.
3 0 3 platanoides, A. podagraria and R. cassubicus (Table S16A -P, Fig. 4) . Attenuating blue light also although its effect was smaller in these shade-tolerant and wintergreen species (Table 2, Fig. 4 ).
0 6
Attenuating UV radiation below 350 nm significantly reduced adaxial epidermal flavonol content in 3 0 7
A nemorosa, and surprisingly increased flavonol content A. platanoides, although both of these size 3 0 8 effects were small (Table 2 , Tables S16A-P). Attenuating UV radiation below 350 nm reduced adaxial 3 0 9 epidermal flavonol content significantly in A. platanoides, F. vesca, M. bifolium, and Q. robur (Table   3 1 0 2, Tables S16A-P), and to a greater extent than longwave UV radiation (>350 nm) in these species 3 1 1 (Table 2 ). In Q. robur seedlings, the effect of shortwave UV radiation (<350 nm) on adaxial epidermal 3 1 2 flavonols content was even greater than the effect of blue light (Table 2) . Adaxial epidermal flavonol content was generally lower in the evergreen stands than in 3 1 4 deciduous stands, and the absolute (as opposed to relative) effects of our filter treatments were a 3 1 5 smaller in the evergreen stands (Tables S16A-P, Fig. 4 ). Specifically, adaxial epidermal flavo 3 1 6
content was significantly lower in the evergreen stands for all those species found beneath both sta 3 1 7 types (i. e. A. platanoides, F. vesca, and O. acetosella, Tables S16A-P, Fig. 4 ). replication. Where species were absent from the stands panels were left blank.
3 2 4
Seasonal dynamics of anthocyanins are less responsive than flavonols to changes in light quality 3 2 5
The increase in adaxial epidermal anthocyanin content during understory leaf senescence was 3 2 6 similar to the seasonal trend in flavonol content that we report. Although, unlike flavonols, adaxial 3 2 7 epidermal anthocyanin content was not generally high during early spring. In particular, the largest 3 2 8 increases in anthocyanin content during leaf senescence were present in plants whose leaves senesced treatments than flavonol contents ( Filter treatments revealed that the blue region of the solar spectrum can advance bud burst by an 2.8 days (Fig. 2) . Attenuating blue light from solar radiation in this sort of filter experiment (e.g. Robson, 2018). Our study is also in line with a recent meta-analysis, in finding that UV radiation has a 
